Objectives: Posttraumatic stress disorder (PTSD) and unhealthy alcohol use are commonly associated conditions. It is unknown whether specific symptoms of PTSD are associated with subsequent initiation of unhealthy alcohol use. Methods: Data from the first 3 enrollment panels (n ¼ 151,567) of the longitudinal Millennium Cohort Study of military personnel were analyzed (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). Complementary log-log models were fit to estimate whether specific PTSD symptoms and symptom clusters were associated with subsequent initiation of 2 domains of unhealthy alcohol use: risky and problem drinking (experience of 1 or more alcohol-related consequences). Models were adjusted for other PTSD symptoms and demographic, service, and health-related characteristics. Results: Eligible study populations included those without risky (n ¼ 31,026) and problem drinking (n ¼ 67,087) at baseline. In adjusted analyses, only 1 PTSD symptom-irritability/anger-was associated with subsequent increased initiation of risky drinking (relative risk [RR] 
P osttraumatic stress disorder (PTSD) and unhealthy alcohol use are commonly associated conditions (Jacobson et al., 2008; McDevitt-Murphy et al., 2010; Fuehrlein et al., 2014; Kline et al., 2014; Williams et al., 2015) . While the association between PTSD and unhealthy alcohol use appears to be bidirectional (Haller and Chassin, 2014) , most research supports the hypothesis that PTSD increases the risk of development of alcohol-related problems, as alcohol can be used to cope with PTSD symptoms (Jacobson et al., 2008; Jakupcak et al., 2010) , and PTSD diagnoses often precede alcohol use disorder diagnoses (Kline et al., 2014) .
Experiencing specific PTSD symptoms may differentially relate to unhealthy alcohol use. While PTSD is a single diagnosis, it is in actuality a composite of symptoms that can together indicate PTSD, but also commonly occur outside of the context of PTSD. In the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV), 17 symptoms are included as components of PTSD: they are compiled into 3 symptom clusters in DSM-IVand 4 in DSM-5 (which includes additional symptoms). Individuals experiencing at least 6 symptoms meeting minimum scoring criteria across specific symptom clusters are considered to have PTSD in both the DSM-IV and DSM-5.
Understanding which symptoms and/or clusters of symptoms of PTSD are associated with subsequent initiation of unhealthy alcohol use may be informative for prevention efforts, particularly among persons who experience symptoms associated with PTSD, but have not necessarily been diagnosed with PTSD. A previous cross-sectional study identified associations between some symptom clusters (eg, emotional numbing) and unhealthy alcohol use (Jakupcak et al., 2010) . However, whether certain clusters are associated with subsequent initiation of unhealthy alcohol use has not been studied. Moreover, the association between individual PTSD symptoms and unhealthy alcohol use has not been previously studied either cross-sectionally or longitudinally. The present study uses data from a large longitudinal survey of military personnel to assess whether individual PTSD symptoms and symptom clusters are associated with subsequent initiation of unhealthy alcohol use.
METHODS

Data Source and Sample
The study used data from the longitudinal Millennium Cohort Study, which began in 2001 and examines the health effects of military service. Recruitment of participants occurred in 4 enrollment phases approximately every 3 years (2001-2003, 2004-2006, 2007-2008, and 2011-2012) . The initial enrollment phase (2001) (2002) (2003) sampled from all current service members. Subsequent enrollments aimed to enroll new service members who had joined the service after initiation of the Millennium Cohort Study. As such, the second enrollment (2004) (2005) (2006) invited those with 1 to 3 years of service, and the third enrollment (2007) (2008) invited those with 1 to 2 years of service. All enrolled participants were invited to complete follow-up surveys every 3 years. Detailed descriptions of the Millennium Cohort methodology have been published elsewhere (Gray et al., 2002; Ryan et al., 2007; Jacobson et al., 2008; Smith, 2009 ). This study was approved by Institutional Review Boards at the Naval Health Research Center and Department of Veterans Affairs Puget Sound Health Care System; all participants provided their written, informed consent.
The present study included Millennium Cohort participants who: completed a baseline questionnaire during 1 of the first 3 enrollment cycles (2001-2003, 2004-2006, 2007-2008; combined N ¼ 151,567) ; had at least 1 follow-up questionnaire 3 years after the baseline survey; and met the eligibility criteria for this study-no unhealthy alcohol use (defined in the following) at baseline.
Two study subsamples were identified in order to assess associations between PTSD symptoms and clusters, and 2 different dimensions of subsequent unhealthy alcohol use. These included those who, at baseline, met eligibility criterion for no ''risky drinking'' (defined below) (n ¼ 31,026; 25% of study sample) or no ''problem drinking'' (defined below) (n ¼ 67,087; 44.3% of study sample). Each sample was followed until initiation of the dimension that was absent at baseline (eg, those without risky drinking at baseline were followed to assess initiation of risky drinking), until they were missing data for outcomes or covariates of interest, or until end of the observation period (2011-2012 cycle) .
Predictors
Predictors of interest were individual PTSD symptoms and PTSD symptom clusters, both of which were measured using the PTSD Checklist-Civilian Version (PCL-C). The PCL-C comprises 17 items that measure all symptoms associated with PTSD in the DSM-IV (Blanchard et al., 1996; Dobie et al., 2002; Smith et al., 1999) resulting in a score of 17 to 85. Participants rated how much they experienced each symptom using a Likert-type item based on experience of symptoms in the last month (1 ¼ not at all, 2 ¼ a little bit, 3 ¼ moderately, 4 ¼ quite a bit, 5 ¼ extremely). Participants who endorsed a 3 or higher for a symptom were considered to have that symptom (McLay et al., 2010; Pigeon et al., 2013; Selaman et al., 2014) . Consistent with most recent studies (Harpaz-Rotem et al., 2014; Trautmann et al., 2015) , 5 PTSD symptom clusters were examined: re-experiencing (intrusive thoughts, recurrent dreams, flashbacks, emotional reactivity, and physiological reactivity); avoidance (avoiding thoughts of trauma and avoiding reminders of trauma); emotional numbing (includes inability to recall aspects of trauma, loss of interest, detachment, restricted affect, and sense of foreshortened future); dysphoric arousal (sleep disturbance, irritability/anger, and difficulties concentrating); and anxious arousal (hypervigilance and exaggerated startle response). See Appendix A for further definition of PSTD symptoms (http:// links.lww.com/JAM/A89). Because these clusters have a different number of symptoms, ratings comprising each cluster were averaged to compute cluster scores, a method used in a similar study (Trautmann et al., 2015) .
Outcomes
Outcomes included 2 dimensions of unhealthy alcohol use that captured different, but related aspects of unhealthy alcohol use (Rubinsky et al., 2013) . Risky drinking was defined as weekly drinking over recommended sex-specific limits: greater than 14 drinks per week or 5 drinks per occasion for men; greater than 7 drinks per week or 4 drinks per occasion for women (National Institute of Alcohol and Alcoholism, 2015) . Problem drinking was measured by positive endorsement of at least 1 item from the 5-item Patient Health Questionnaire (PHQ) alcohol use subscale, indicating whether or not participants used alcohol even though a doctor suggested they stop drinking because of a problem with their health; drank alcohol, were high from alcohol, or were hungover while working, going to school, taking care of children, or other responsibilities; missed or were late for work, school, or other activities because they were drinking or hung over; had a problem getting along with people while drinking; or drove a car after having several drinks or drinking too much. This measure of problem drinking was similar to that used in prior studies (Jacobson et al., 2008; Jakupcak et al., 2010; Williams et al., 2015) , and refers to the range from experiencing a single consequence to more. The problems assessed are similar to those that comprise diagnostic criteria for alcohol use disorders, but do not assess all criteria . Thus, persons meeting criteria for problem drinking in this study may include those who have an alcohol use disorder. However, this measure has not been validated for this purpose and not all persons meeting criteria for problem drinking may meet criteria for alcohol use disorder.
Covariates
Several factors may confound the association between PTSD symptoms and initiation of unhealthy alcohol use (Jacobson et al., 2008; Jakupcak et al., 2010; McDevitt-Murphy et al., 2010; Fuehrlein et al., 2014; Kline et al., 2014) . These include demographic (age, sex, race/ethnicity, education, and marital status), service-related (pay grade, service branch, occupation, service component, combat deployment during follow-up, deployment before enrollment, and separation from military service), and health-related (physical component summary score based on the Medical Outcomes Study Short Form 36-Item Health Survey for Veterans, experience of life stressors, panic or anxiety disorder and depression identified using the PHQ, body mass index, and smoking status) characteristics. Nontime-varying covariates (age, sex, race/ethnicity, education, and marital status) were measured at baseline. All other covariates were time-varying and were measured at the assessment immediately before the outcome measured. See Appendix A for further definition of covariates (http://links.lww.com/JAM/A89).
Primary Analyses
Among all Millennium Cohort participants meeting inclusion criteria, proportions and chi-square tests were used to describe the samples and compare outcomes and covariates of interest at baseline as a function of whether problem and risky drinking were initiated during the study period. To assess whether each symptom cluster was associated with initiation of risky or problem drinking, complementary loglog models were used because log-log models better allow time intervals to be accounted for in the model, given that this study uses interval survival data and a small number of intervals. Complementary log-log models were fit to estimate the relative risk of unhealthy alcohol use initiation outcomes in relation to average cluster scores. Iterative model building was conducted; initial analyses were unadjusted (model 1), adjusted for demographic characteristics (model 2), and then additionally adjusted for service related-characteristics (model 3), comorbid conditions/measures of health status (model 4), and other PTSD symptom clusters (model 5). The same model building techniques were used to assess associations between individual PTSD symptoms and subsequent initiation of risky and problem drinking. Model 5 was considered the fully adjusted model to describe associations between PTSD symptom clusters or symptoms independent of remaining clusters and symptoms. We did not correct P values for multiple comparisons because each predictor was assessed independent of other clusters or symptoms.
Secondary Analyses
We conducted secondary analyses to examine associations of interest only among participants who screened positive for PTSD at baseline-those who met cut-off scores of >35 and affirmed experiences of symptoms across symptom clusters meeting DSM-IV diagnostic criteria on the PCL-C checklist (risky drinking sample n ¼ 2361; problem drinking sample n ¼ 5130).
Sensitivity Analyses
Our inclusion criteria assessed initiation of risky and problem drinking in the past year, excluding those with pastyear risky or problem drinking. Because it was unknown whether those who did not meet criteria for either aspect of unhealthy alcohol use at baseline had ever met criteria for lifetime history of unhealthy alcohol use, we repeated primary analyses among a subsample of participants who responded to the CAGE (cut back, annoyed, guilty, and eye opener) questionnaire-a validated screen for lifetime alcohol use disorder (Ewing, 1984 ) -at baseline. These analyses were conducted among the sub-sample of all Millennium Cohort participants eligible for initiating both risky (n ¼ 17,908) and problem drinking (n ¼ 50,234) who were administered the CAGE at baseline. The questionnaire was not administered to participants in the first wave and panel of the survey who reported no past-year drinking at baseline. All analyses were conducted using SAS version 9.3. drinking had higher mean PTSD cluster scores for all clusters and were more likely to endorse all individual PTSD symptoms than those who did not (chi-square test P < 0.05; Table 2 ). Initiation of risky drinking was associated with all PTSD symptom clusters and symptoms in unadjusted models, and also models adjusted for demographic characteristics (Tables 3 and 4 , models 1 and 2). However, after additional adjustment for service-related characteristics, health-related characteristics and other PTSD symptoms, no PTSD symptom clusters were associated with subsequent initiation of risky drinking (Table 3) , and only 1 individual PTSD symptomirritability/anger-was associated with subsequent initiation of risky drinking (relative risk [RR] 1.05, 95% confidence interval [CI] 1.00-1.09) ( Table 4) .
RESULTS
In unadjusted models, all PTSD symptoms were associated with subsequent initiation of problem drinking (Table 4 ). In models fully adjusted for potential confounders, and also other PTSD symptom clusters, 2 symptom clusters (dysphoric arousal [RR 1.17 (Tables 3 and 4) . While all PTSD symptom clusters were associated with initiation of risky and problem drinking in bivariate analyses, associations were attenuated after adjusting for other PTSD symptom clusters and additional covariates.
In secondary analyses limited to those who screened positive for PTSD (data not shown), no PTSD symptom clusters or symptoms were associated with subsequent initiation of risky drinking after adjustment. All PTSD symptom clusters and symptoms were associated with subsequent initiation of problem drinking in unadjusted and models adjusted for demographics. However, only the emotional In sensitivity analyses among those who did not screen positive for a lifetime alcohol use disorder, results were largely similar (data not shown). In fully adjusted models, the 3 exceptions were that irritability/anger was not (RR 1.06, 95% CI 0.97-1.16) and avoiding reminders of trauma was (RR 1.19, 95% CI 1.01-1.39) associated with subsequent risky drinking initiation, while exaggerated startle response was not associated with subsequent problem drinking initiation (RR 1.06, 95% CI 0.98-1.14).
DISCUSSION
While PTSD is known to be associated with subsequent unhealthy alcohol use, this is the first study to our knowledge to describe associations between individual PTSD symptoms and symptom clusters, and subsequent initiation of facets of unhealthy alcohol use. After adjusting for potential confounders and other PTSD symptoms, we found that some individual PTSD symptoms were independently associated with subsequent initiation of risky and problem drinking. Initiation of risky drinking was independently associated with only 1 PTSD symptom: irritability/anger. Initiation of problem drinking was independently associated with 5 PTSD symptoms, including irritability/anger, restricted affect, sense of foreshortened future, exaggerated startle response, and sleep disturbance. No symptom clusters were associated with initiation of risky drinking, but 2 symptom clusters (dysphoric arousal and emotional numbing) were associated with initiation of problem drinking.
We build on the previous understanding of unhealthy alcohol use and PTSD in a number of ways. Although PTSD is well known to be associated with unhealthy alcohol use (Jakupcak et al., 2010; Debell et al., 2014; Heltemes et al., 2014) , the directionality and functionality of this relationship is not entirely understood. No studies have looked at associations between PTSD symptom clusters and subsequent risky drinking. We assessed this question and identified no associations. Several studies have looked at associations between symptom clusters and subsequent problem drinking. Despite changes over time in the way in which these clusters have been measured, our findings are largely consistent with those of previous studies (Debell et al., 2014) , which have generally found that re-experiencing (Hien et al., 2010; Read et al., 2012; Scott et al., 2013) and avoidance (Jakupcak et al., 2010; Scott et al., 2013) are not associated with problem drinking, whereas emotional numbing and dysphoric arousal are (Jakupcak et al., 2010; Khoury et al., 2010; Read et al., 2012; Scott et al., 2013) .
In this study, only 1 PTSD symptom (irritability/anger) was associated with both initiation of risky drinking and initiation of problem drinking. The finding supports previous findings that alcohol use may be a coping mechanism for persons with anger/irritability (Cooper et al., 1995) . No other symptoms or symptom clusters were associated with initiation of risky drinking, whereas 4 other symptoms and 2 symptom clusters were associated with initiation of problem drinking. Findings related to initiation of problem drinking are consistent with previous literature that has found experience of these common symptoms, such as sleep disturbance (Crum et al., 2004) , or negative affect (Peacock et al., 2015) are associated with unhealthy alcohol use. The current study builds on this previous work by determining that these are independently associated with subsequent problem drinking, adjusting for other PTSD symptoms. Differing findings for the association between PTSD symptoms and risky and problem drinking were surprising, given the strong correlation between consumption and consequences (Rubinsky et al., 2013) and previous studies that have identified the association between PTSD and both consumption (McDevitt-Murphy et al., 2010) and consequences (Kline et al., 2014) . Differences in findings may be due to differences in sample sizes and inclusion criteria. For instance, perhaps persons with prior risky drinking, who were excluded from the assessment of risky drinking initiation, differ from persons with prior problem drinking, who were excluded from assessment of problem drinking initiation, in ways that relate to how PTSD symptoms would influence subsequent initiation of either behavior. Future research is needed to better understand why PTSD symptoms and clusters may have differing associations with later initiation of risky versus problem drinking.
The overlap between symptoms and symptom clusters associated with subsequent initiation of problem drinking was inexact. For example, of the 5 symptoms that make up the emotional numbing symptom cluster, only 2-restricted affect and sense of foreshortened future-were associated with subsequent initiation of problem drinking after adjusting for potential confounders and other PTSD symptoms. Similarly, of 3 dysphoric arousal symptoms-sleep disturbance and irritability/anger, but not concentration difficulties-were associated with subsequent problem drinking initiation after adjusting for potential confounders and other PTSD symptoms. Also, while anxious arousal was not associated with initiation of problem drinking as a PTSD symptom cluster, exaggerated startle response (1 anxious arousal symptom) was associated with initiation of problem drinking after adjusting for potential confounders and other PTSD symptoms. Future work is needed to understand whether individual symptoms add to prediction of initiation of problem drinking above and beyond that of PTSD symptom clusters. In secondary analyses among individuals who screened positive for PTSD, we found fewer significant associations between PTSD symptoms and initiation of problem or risky drinking, although the magnitude of the estimates remained similar. These findings may be, in part, due to restriction of range and reduced power. Specifically, people who screen positive for PTSD by definition have multiple PTSD symptoms, and as other symptoms were adjusted for in the analyses, this may have attenuated findings in this sample. Additionally, a previous study among veterans with PTSD and alcohol use disorders showed that those with more severe PTSD had fewer heavy drinking days than those with lower overall PTSD severity (Fuehrlein et al., 2014) . Similarly, previous studies have shown that individuals with PTSD have worse alcohol-related consequences at lower levels of alcohol use (Krystal et al., 1999; Fuehrlein et al., 2014) , indicating the small sample of those with PTSD may have different alcohol-related risk than those without. Thus, specific symptoms for PTSD may not be as relevant for predicting unhealthy alcohol use outcomes among people who have severe enough experience of multiple symptoms to screen positive for PTSD.
However, because screening positive for PTSD requires endorsement of multiple symptoms, our findings suggest that individual PTSD symptoms may be associated with unhealthy alcohol use outcomes, even for individuals who do not meet all criteria needed to screen positive for PTSD. These findings may be of particular utility for identifying increased risk of unhealthy alcohol use among people who have PTSD symptoms that are common among people who experience trauma even when they do not screen positive for PTSD.
Findings from this study have several clinical and/or policy implications. First, though routine alcohol screening to identify risky drinking is recommended and should be provided across patient populations, findings from this study suggest that persons who experience PTSD symptoms may benefit from additional assessment of alcohol-related problems and/or assessment for alcohol use disorder. Further, findings from this large study of military personnel may have implications for military health and readiness. Military personnel are at increased risk for experience of PTSD-related symptoms, and unhealthy alcohol use may be particularly problematic in this population because alcohol use is associated with inability to deploy and early military separation, and also increased alcohol problems, medical burden, and associated costs (Harwood et al., 2009; Stahre et al., 2009; Mattiko et al., 2011) . In this study, we found that several of those individual symptoms and symptom clusters were associated with increased risk of initiating problem drinking. While further research is needed, these findings contribute to a growing body of knowledge highlighting the importance of considering individual effects of PTSD symptoms and symptom clusters (Jakupcak et al., 2010; Trautmann et al., 2015) , and also considering whether specific PTSD symptoms and symptom clusters mediate the association between PTSD and unhealthy alcohol use as part of targeted interventions and/or policies aimed at preventing initiation of unhealthy alcohol use (Arbona and Schwartz, 2016; Walton et al., 2018) .
This study has several limitations. Data were collected at 3-year intervals, making it possible that changes in risky or problem drinking over time were not fully captured because assessment of those outcomes had a past-year timeframe (ie, questions asked about the year prior to each survey). Further, though validated as a measure of problem drinking and used in previous studies, our measure of problem drinking has not been validated for and does not indicate a diagnosis for alcohol use disorder, though symptoms assessed overlap with disorder symptoms. Similarly, our secondary analyses were conducted among a sample screening positive for PTSD and not those with clinical diagnoses for PTSD, resulting in potential misclassification. This study was also based on self-reported data, which may be subject to recall bias or response biases. However, examination of response bias among those in the first phase of recruited participants, in which complete case analyses and inverse probability weighted analyses were compared across multiple outcomes, showed very little evidence for response bias in the Millennium Cohort Study (Littman et al., 2010) . In addition, our primary models were adjusted for other symptoms and/or clusters to evaluate the association between each symptom and cluster independent of other symptoms and clusters. However, preliminary analyses suggested a moderate correlation of PTSD symptoms and clusters; thus, we examined the unique aspects of each symptom and cluster. Further, despite the longitudinal design of the present study, causal inference remains limited, and future research is needed to determine whether PTSD symptoms are useful predictors of risky and problem drinking initiation. In addition, observed associations between symptoms or symptom clusters may be modified by risk factors, such as other mental health conditions (eg, depression and anxiety) or military-specific exposures (eg, combat exposure). Therefore, future work is needed to examine whether the increased risk of initiation of unhealthy alcohol use associated with specific PTSD symptoms varies across certain subpopulations. Because the study was conducted in a large sample of military personnel who may have unique characteristics and experiences, results may not be generalizable to nonmilitary populations.
Despite these limitations, findings from this large longitudinal study suggest that specific PTSD symptoms and symptom clusters are associated with future development of unhealthy alcohol use. Moreover, different symptoms and clusters are associated with subsequent initiation of different facets of unhealthy alcohol use. This information may help identify those at risk of subsequent development of 2 dimensions of unhealthy alcohol use based on symptoms commonly experienced by persons with PTSD, even in the absence of a positive screen for PTSD.
